To stimulate an attack on the targets, the hive was struck in a uniform manner three times at intervals of 40 s. After 2 min, the targets were removed, and the number of stings on each target was counted. Im mIrmm mm that the bees cannot distinguish the targets as two distinct objects.
To test this idea, another series of 37 experiments was carried out during the summer of 1998. In these experiments, the lures were separated by 1.5 m. The distribution of the stings was very close to that shown in Fig. 1. However, for high values of N  (195-658) , the mean value of Lmax/N is equal to 0.62, and we can reject the hypothesis that there is a random distribution for these values (X2 = 53.9; df = 5; P < 0,001).
The single large target used in the-third set of experiments shows the influence of heterogeneities. During an attack, the bees have a tendency to land at the edges and especially the corners of the target (19). Although this tendency induces a heterogeneity in the distribution of attacks on the target (corner versus center), it does not account for why the heterogeneous attacks occur on a particular corner or other portion of the target. The corners and the edges of the target are areas where there is an increased probability of receiving a sting. Initially, the stings are made more or less randomly with, of course, a higher probability to be on the edges and the corners. Then, when a sting has been delivered, the area immediately around it acquires an increased probability to be attacked subsequently. Then, the distribution of stings becomes aggregative, concentrated on one of the edges or a corner of the target. The distribution of stings on the target is random and homogeneous for small values of N, but a heterogeneous pattern develops when N is large (Fig. 2) . Therefore, we find heterogeneities that appear on another level of observation: in the distribution of impacts within a single target.
The Model. A model (which we implement as a Monte Carlo
Fi simulation) can be developed to account for the experimental a observations. At each time step, a bee has a probability (Pi) to a sting one of the targets. If B is the number of bees still alive and Returning to the biology of honeybee defenses, these results .. idicate how a colony initially confronted with an intruder is able concentrate its forces and focus its defensive attack.* Later, if he intruder is not repelled and the number of stings increases, he attacks may become more diffusive. Under natural condions, differences in the color, texture, and odors of different ortions of an intruder will have different attractive effects and lodulate the defensive response of the colony. The model and he experimental results presented here show how these differnces in attractiveness can be amplified strongly to generate an daptive colony response. The experiments show a high variability in the total number of tings to the target (range: 0 -N < 600). This variability can be xplained partially by interhive differences: the two smallest ives (which also have the smallest number of guards at the nest ntrance; Table 1) However, an important source of variability in the intensity of an attack remains to be explained. In those hives with approximately the same population and within replicates for a given nest, we find great differences in the magnitude of the defensive response (Table 1 , columns NPm and NPsd). However, the variation in mean number of guards at the entrance of the nest is relatively small (Table 1 , column Gsd), and as previously mentioned, no temporal trend was observed in number of guards or the total number of stings in replicates with the same hive. Strong intrahive variability is an integral feature of the honeybee defensive system. The model shows that these large differences in the intensity of an attack occur without altering any of the colony parameters: Fig. 3B is a frequency distribution of the total number of stings (for the parameter values in the simulation used for Fig. 3A) . We see that the total number of stings varies between 0 and 300 for an initial population of 500 soldiers. The honeybee defensive system is able to amplify seemingly trivial Gm, mean number of guards at the entrance of nest; Gsd, standard deviations of this mean; NPm, mean number of total stings for each experiment; NPsd, standard deviation of this mean; SC, size of the colony. Means for the same characteristics followed by different letters are significantly different (P < 0.05, Newman-Keuls test). alone; the colony's collective response is an emergent property of the dynamics and nonlinear interactions at the individual level. One potential consequence of this property is that evolution may be able to mold the collective response of the colony by selecting among rather minor differences in individual phenotypes for such characteristics as quantity of pheromone emitted or the threshold of a behavioral response. Through the use self-organized mechanisms, the colony may achieve diversity and adaptive plasticity in its responses in an economical manner, without the need for explicit genetic coding of each aspect of the collective aggressive response (such as the total number of stings in an attack, the distance the bees go in pursuit of an intruder, or the response time to attack).
A second consequence of such a self-organized process is that some of the collective responses, which at first glance may seem to be independent (such as the intensity of the attack and the ability to focus on one target), may actually be strongly associated.
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